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Abstract
Background: Chronic musculoskeletal neck and back pain are disabling conditions among adults. Use of technology has been
suggested as an alternative way to increase adherence to exercise therapy, which may improve clinical outcomes.
Objective: The aim was to investigate the self-perceived benefits of an artificial intelligence (AI)–embedded mobile app to
self-manage chronic neck and back pain.
Methods: A total of 161 participants responded to the invitation. The evaluation questionnaire included 14 questions that were
intended to explore if using the AI rehabilitation system may (1) increase time spent on therapeutic exercise, (2) affect pain level
(assessed by the 0-10 Numerical Pain Rating Scale), and (3) reduce the need for other interventions.
Results: An increase in time spent on therapeutic exercise per day was observed. The median Numerical Pain Rating Scale
scores were 6 (interquartile range [IQR] 5-8) before and 4 (IQR 3-6) after using the AI-embedded mobile app (95% CI 1.18-1.81).
A 3-point reduction was reported by the participants who used the AI-embedded mobile app for more than 6 months. Reduction
in the usage of other interventions while using the AI-embedded mobile app was also reported.
Conclusions: This study demonstrated the positive self-perceived beneficiary effect of using the AI-embedded mobile app to
provide a personalized therapeutic exercise program. The positive results suggest that it at least warrants further study to investigate
the physiological effect of the AI-embedded mobile app and how it compares with routine clinical care.
(JMIR Mhealth Uhealth 2018;6(11):e198)   doi:10.2196/mhealth.8127
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Introduction
Chronic musculoskeletal neck and back pain are prevalent and
disabling conditions among adults [1]. The report on global
economic burden of disease published in 2010 indicated low
back pain and neck pain ranked sixth and 21st, respectively, out
of 291 diseases and injuries [2] for medical cost. The studies
published in 2016 indicated that combined low back and neck
pain ranked fourth out of 315 diseases and injuries [3] for causes
of years lived with disability. Thus, there is an urgent need to
identify an effective means to promote self-management of
these conditions.
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Recent advancement in information and communication
technology (ICT) places strong emphasis on supporting
self-management programs for chronic pain through mobile
software apps [4,5]. Mobile apps have been identified as a way
to reduce the financial burden of chronic neck and back pain
[6]. Use of ICT as part of rehabilitation programs has been
suggested to increase adherence to self-management programs
[7]. However, published studies have indicated that
approximately 65% of the neck and back pain-related mobile
apps have no evidence of the involvement of health care
professionals [8,9] in their development.
To date, only one study was found that investigated the benefits
of a professionally designed mobile app that had been trialed.
This study tested the effect of using a mobile app on and its
benefit in self-management of low back pain [10]. The app was
designed with a group of pain professionals and utilized a
cognitive behavior approach based on recommendations from
the American Pain Society [11]. A total of 597 participants with
chronic low back pain who had not received any intervention
for the condition were recruited. They were randomly assigned
to intervention, routine care, and control group. Outcome
measures included level of pain and pain frequency. Results
indicated greater improvement at 4-month follow-up in both
parameters compared to the control group. This study
demonstrated that a mobile app may be an effective tool in
self-management of low back pain. Although this study provided
positive results for the use of mobile app, it excluded the
majority of people with chronic back pain that had some sort
of prior intervention. In addition, the exercise program appeared
to be generic exercises rather than ones specific to the users’
symptoms.
Other studies are also trialing different mobile apps that focus
on relaxation therapy [12], with a combination of mobile app
and clinician offline support [6]. Results of these studies are yet
to be published. Currently, there are a large number of
health-related mobile apps on the market, but the majority of
the neck and back pain apps have focused on pain management
education. Other mobile apps claim to offer exercises and
education for chronic neck and back pain but provide limited
evidence that a health care professional was involved in their
development [13].
Our institute has taken part in developing an artificial
intelligence (AI) system embedded into a mobile app called
“Well Health.” The AI-embedded mobile app was developed
in response to the “World Report on Disability” [14], which
suggested that electronic health (eHealth) or telerehabilitation
techniques are effective means to enable people to receive
appropriate intervention. However, it also stated that
telerehabilitation should be tested to assess its feasibility within
the local culture. As documented in a survey of the Chinese
population with chronic low back pain (N=113) in 2016, it was
found that self-management behaviors were poor [15]. The
survey identified that the contributing factors to poor
self-management behavior included a lack of disease knowledge,
a lack of understanding of the benefits of exercise, and a lack
of communication with health professionals. The AI-embedded
mobile app was designed to address some of these factors. It
allows users to input their symptoms and generates an exercise
program accordingly. The exercise program is delivered in the
form of a video that plays in real time.
The aim of this study was to evaluate the feasibility of the
AI-embedded mobile app Well Health to assist people with
chronic neck and back pain to self-manage their condition, and
the perceived benefits in symptom improvement by its users.
This is the first study that evaluates an AI-embedded mobile




The study was approved by the Medical Ethical Committee for
Clinical Research and Animal Trials of the First Affiliated
Hospital of Sun Yat-sen University (reg # [2016] 185). Informed
consent was obtained electronically. Once the users clicked on
the survey invitation icon, they were directed to an informed
consent form. Informed consent was given by selecting “Agree
to take part” and “Submit.” Each participant was assigned a
number to maintain anonymity.
Recruitment
This study was a retrospective evaluation study of an
AI-embedded mobile app that was available to the general
public. All existing users of the mobile app were invited to take
part via the in-app “Information” section. The invitation also
appeared on the home page where it would be displayed among
five rolling pictures of different newsfeeds when the app was
loaded each time. Interested users could click on the link which
directed them to the evaluation questionnaire. All the participants
in this study completed the questionnaire one time, with
retrospective recall of preintervention pain level.
Sample Population
The inclusion criteria for the study were adults (1) aged between
18 and 65 years, (2) who had experienced neck and low back
pain within the past 3 months, and (3) had access to a mobile
phone that could play video on the internet. This study excluded
patients who were medically unstable and reported having red
flags for cervical and lumbar spine pathology. A list of red flag
symptoms related to the cervical and lumber spine were
displayed when the app was opened the first time and before
the start of the questionnaire. The user would not be able to
continue with the survey if more than two red flag symptoms
were selected. These inclusion criteria were set to include a
wide population because the app was designed to be accessed
by members of the general public with experience with chronic
neck and back pain.
Evaluation Questionnaire
The questionnaire included 14 questions that were intended to
evaluate if using the AI-embedded mobile app may (1) increase
adherence to therapeutic exercises, (2) affect pain level, and (3)
reduce the need for other interventions. The World Health
Organization defined the term “adherence” as “the extent to
which patient behavior taking medication, following a diet,
and/or executing lifestyle changes, corresponds with
recommendations from a health care provider” in 2003 [16].
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Textbox 1. The evaluation questions.
1. Have you experienced neck and low back pain within the past 3 months? Responses: (1) yes; (2) no
2. Are you age between: Responses: (1) 18-25; (2) 26-30; (3) 31-40; (4) 41-50; (5) 51-60; (6) 60-65?
3. What is your gender? Responses: (1) male; (2) female
4. How long have you used the AI-embedded mobile app? Responses: (1) 1 day; (2) 1 week; (3) 1 month; (4) 3 months; (5) 6 months or over
5. On a scale of 0-10 (0 being no pain, 10 being in extreme pain), how would you rate your pain level before using the rehabilitation program on the
AI-embedded mobile app? Responses: 0 to 10 Likert scale
6. On a scale of 0-10, how would you rate your pain level after using the AI-embedded mobile app for rehabilitation program? Responses: 0 to 10
Likert scale
7. Prior to using the app, have you participated in any rehabilitation exercise program? Responses: (1) yes; (2) no
If “Yes,” how much time did you spend on rehabilitation exercise a day on average? Response: (1) 5 minutes or below; (2) 6 to 10 minutes; (3) between
10 and 30 minutes; (4) between 30 and 60 minutes; (5) 60 minutes or above
8. How much time in a day have you followed the AI-embedded mobile app to perform the recommended exercise? Responses: Amount of time entered
by the user (value between 0 to 180 minutes)
9. On a scale of 0-100 (0 being no improvement, 100 being completely resolved), how would you rate the overall improvement of your symptoms?
Responses: 0 to 10 Likert scale
10. Have you received any of the following interventions prior to using the AI-embedded mobile app? Responses: (1) acupuncture; (2) soft tissue
therapy; (3) topical cream, (4) medication; (5) electrotherapy
11. Have you received any of the following interventions prior to using the AI-embedded mobile app? Responses: (1) acupuncture; (2) soft tissue
therapy; (3) topical cream, (4) medication; (5) electrotherapy
12. While using the AI-embedded mobile app, have you continued with any of the interventions mentioned? Responses: (1) acupuncture; (2) soft
tissue therapy; (3) topical cream, (4) medication; (5) electrotherapy; (6) no, I did not use any other intervention while using the AI-embedded mobile
app
13. Have you read the education material within the app? Responses: (1) yes; (2) no.
If “yes,” how much time in a day have you spent on reading the educational material? Responses: amount of time entered by the user (value between
0 and 180 minutes)
14. Would those materials encourage you to adhere to the therapeutic exercise? Responses: (1) yes; (2) no
Based on this original definition, Donkin et al [17] provided a
further definition of “the degree to which the user followed the
program as it was designed” to incorporate e-therapies in 2011.
A systematic review on the chronic low back pain population
also found self-report diaries to be the most common measure
of adherence [18]. A published study indicated a self-reported
exercise log has acceptable agreement with objectively assessed
exercise adherence for both exercise frequency and exercise
duration [19]. Therefore, the operating definition of adherence
in this study was the amount of “self-reported time spent on
therapeutic exercises in a day” because the AI-embedded mobile
app was designed to encourage daily therapeutic exercise.
The evaluation questions are presented in Textbox 1. The first
two questions were used to assess if the responses fit the
inclusion criteria.
In addition to clinical information, participants were asked to
fill in the modified System Usability Scale (SUS). The scale
had 10 questions that were validated to assess the generic
usability of a product or a service [20]. The questions are as
follows:
1. I think that I would like to use this product frequently.
2. I found the product unnecessarily complex.
3. I thought the product was easy to use.
4. I think that I would need the support of a technical person
to able to use this product.
5. I found the various functions in this product were well
integrated.
6. I thought there was too much inconsistency in this product.
7. I would imagine that most people would learn to use this
product very quickly.
8. I found the system very awkward to use.
9. I felt very confident using the product.
10. I needed to learn a lot of things before I could get going
with the product.
The SUS showed the domains as five scales numbered from 1
(strongly disagree) to 5 (strongly agree). Positively worded
domains were equal to score–1, negatively worded domains
were equal to 5–score, so the total SUS was calculated by
summing the 10 domains and multiplying by 2.5.
Intervention: Well Health Mobile App
Credential and Affiliations of the Developers
The affiliations of the developers and the expert panel that were
involved in developing the AI-embedded mobile app were
clearly displayed within the “About us” section within the
mobile app. The embedded AI system, including the assessment
method, the exercise programs, and exercise instructions, were
developed with an expert panel consisting of physiotherapists
from Australia (Maxvale Physiotherapy Practice), the United
Kingdom (University College London), and China (Sun Yat-sen
University), including a clinical scientist and a rehabilitation
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doctor from China (Sun Yat-sen University). Technical support
in developing and maintaining the app and AI coding was done
in collaboration with the information technology company “Well
Health” (Ying Kang Wei Er Internet Service Co, Ltd,
Guangzhou, China).
Development Process
The AI-embedded mobile app underwent 10 months of
development. Members of the expert panel met in China for 3
weeks for residential development. During the residential period,
the clinical content of the AI-embedded mobile app was
determined. This included the development of the AI algorithm
(initial training sample preparation, neuron processing methods),
production of the exercise videos and their associated
descriptions, and the education material. This was followed by
3 months of AI model validation. During this phase, experts
went through computer-simulated data to ensure the
AI-generated exercise programs were appropriate for the
presented symptoms. The development of the mobile app
interface took a further 6 months.
System usability and interface development of the app were
conducted in the form of a semi-structured telephone interview
(n=72) and focus group (n=8) prior to this study. The interview
and focus groups were designed to gather information on (1)
what users like to use the app for (eg, just browse for
information or look for rehabilitation exercises for their back
pain); (2) what additional functions they would like to have in
the app; (3) how do they like the exercise content to be delivered
(eg, exercises to be described by text or displayed as picture
accompanied by text or in video with verbal guidance; (4) any
in-app functions that users felt were missing; and (5) users’
feelings on the app interface. No update was made to the content
of the AI-embedded mobile app during the data collection phase.
The AI-embedded mobile app is available free of charge online
to the general public in the US, UK, and China through the
Apple app store and MI app store. The app is searchable using
the keyword “Well Health.”
Access
Access to the mobile app was completely free. The AI-embedded
mobile app could be downloaded from any well-known app
store. Participants were required to register an account using
their mobile phone number or social media account. Technical




Well Health is a multiple-visit mobile app that provides adults
with neck and back pain a tailored exercise rehabilitation
program based on their presenting symptoms.
The AI-embedded mobile app follows the recommendations of
the National Institute of Clinical Excellence (NICE) [21] in
providing a combination of physical and self-management
advice as well as the pathological causes of low back pain. It
allows users to enter their symptoms using a self-report
questionnaire. The questionnaire consists of the questions which
physiotherapists routinely use to conduct a subjective
assessment. The questionnaire asks for information on present
condition, history of present condition, past investigations,
24-hour pattern, drug history, and social history. Once the
subjective assessment is completed, the AI-embedded mobile
app provides an exercise program based on the information
provided. Exercise interventions provided by the AI-embedded
mobile app were NICE guideline-recommended biomechanical
exercises including stretching, (eg, lumbar flexion and neck
flexion); motor control exercises, including Pilates exercises
since their principles overlap with principles of motor control
interventions [22] (eg, deep neck flexors exercise, transverse
abdominis activation exercise); and strengthening exercises (eg,
cervical side flexion exercise, side-lying trunk exercise). Figure
1 shows screenshots of these exercises. The suggested exercise
duration was between 20 to 30 minutes a day.
Each exercise video was accompanied by detailed descriptions
of the exercises and annotated diagrams were displayed to
visually demonstrate the targeted muscles (see Multimedia
Appendix 1). Users were expected to follow the video clip from
start to finish once they started the set of training. The video
clip could not be scrolled through, but could be paused/stopped.
Points were awarded when the full length of the video was
played.
The AI-embedded mobile app determined the exercise program
based on the subjective information. The AI algorithm used in
this study was based on the multilayered perceptron artificial
neural network (MLP-ANN). It is the most commonly used AI
algorithm in the medical field [23] and is capable of learning
from historical examples, analyzing nonlinear data, and handling
imprecise information [24]. The AI algorithm observed the data
input from the subjective assessment (input layer), processed
the information through the neurons to select the appropriate
therapeutic exercises from the exercise bank (hidden layer), and
then gave out the most appropriate therapeutic program (output
layer). Figure 2 shows the architecture of the MLP-ANN of the
AI used in this study. A total of 300 sets of training samples
were initially provided by the experts during the expert meeting.
Once the initial weighting of the MLP-ANN was trained by the
samples provided by the experts, the back-propagation algorithm
[25] was used to continue the training until an accuracy of at
least 80% was achieved. Model validation was performed by
comparing the AI-generated exercise program with the
expert-generated exercise program.
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Figure 1. Screenshots of stretching, motor control, and strengthening exercises: (a) assisted neck flexion stretch, (b) lumbar flexion stretch, (c) deep
neck flexors exercise, (d) transverse abdominis activation exercise, (e) cervical side flexion exercise, and (f) side-lying trunk exercise.
Figure 2. The architecture of the multilayered perceptron artificial neural network used in this study.
The basic principle of the AI algorithm was based on the
following: (1) each symptom was assigned a weighting in
accordance to the clinical importance as determined by the
expert panel (ie, the pain score had a higher weighting than
social history); (2) each therapeutic exercise was assigned a
weighting in accordance to their effectiveness to each of the
presented symptoms as deemed by the expert panel; (3) the AI
algorithm then selected the five highest scoring exercises from
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the database. Users were prompted to undertake reassessment
every 14 days to report their progress and indicate the exercises
that they found beneficial. The machine-learning algorithm
would adjust the weighting of the exercise according to the
individual’s feedback and update the exercise program based
on the input of the reassessment. In the case of acute symptoms
worsening, the algorithm would adjust the exercise plan
according to the new symptoms. All AI-embedded mobile app
users could contact members of the medical team who were
involved in developing the app via the in-app messaging
function. As part of the disclaimer of using the AI-embedded
mobile app, users were advised that it did not replace medical
service and medical support should be sought at any time should
they feel the need to do so.
A points-based reward was utilized to promote engagement
with the AI-embedded mobile app. Incentivized conditions have
been shown to be effective in engaging users in goal-directed
behavior [26]. Points were awarded according to the daily task
completed (see Multimedia Appendix 2). The task list included
logging onto the app, completing the number of sets of exercise,
sharing their exercise progress on the social media account, and
posting a comment about the educational material they read.
Users needed to collect sufficient points to “unlock” the next
level. The use of a point-based system aimed to increase
engagement with the AI-embedded mobile app. The
AI-embedded mobile app automatically recorded the number
of days and the amount of time users spent on playing the
exercise videos. An exercise log was kept and users could track
their progress at any time.
Educational Component
Educational material was “pushed” to users via a social media
platform once every 3 days. This material included information
about neck and back pain pathology, the pathological cause of
back pain and the natural course of low back pain, pain
physiology, principles to use exercise as an intervention to
manage neck and back pain, and coping strategies. These
materials were stored within the app and users could access
these materials at any time. Users received one reminder daily
via the app reminder function which the user could turn off.
Data Analysis
Data were analyzed in SPSS version 20.0 (IBM, Armonk, NY,
USA) for Windows (Microsoft 10). Descriptive statistics were
used to describe the sample population and gave a summary on
all responses.
Changes in pain score and perceived self-improvement were
analyzed as a group and as a subgroup based by the total
duration of using the AI-embedded mobile app. Wilcoxon rank
sum test was used to assess if the changes in Numerical Pain




During the data collection period, the AI-embedded mobile app
had 461 active users. A total of 161 users responded to the
invitation. Three responses were excluded due to exclusion
criteria (reported to be younger than 18 years of age). The
sample population contained 119 males and 39 females. Of
these, 30 and 31 responses reported to be in the age group of
18 to 25 years and 26 to 30 years, respectively. The age group
between 31 and 40 years had the greatest number of responses
(n=56). Nineteen and 21 responses reported to be in the age
group of 41 to 50 years and 51 to 60 years, respectively. One
response reported to be older than 60 years.
Time Spent on Therapeutic Exercises
Most respondents reported they used the AI-embedded mobile
app for a month. In all, 14.6% (23/158) and 13.3% (21/158) of
respondents indicated they used the AI-embedded mobile app
for 3 months and 6 months or more, respectively. The responses
from question 3 of the evaluation questionnaire were 1 day
(n=35), 1 week (n=38), 1 month (n=41), 3 months (n=23), and
6 months or more (n=21).
A total of 60 users (37.98%) reported they had never participated
in therapeutic exercises prior to using the AI-embedded mobile
app. When using the AI-embedded mobile app, the mean time
spent on rehabilitation exercises was 25 (SD 4) minutes per day.
An increased number of responses was observed in the
categories of 10 to 30 minutes and 30 to 60 minutes, but there
was a decreased number of responses for the more than 60
minutes category. Figure 3 is a bar graph showing the
self-reported differences in time spent on therapeutic exercise
before and when using the AI-embedded mobile app.
Time Spent on Reading the Education Material
Overall, 142 users (89.9%) reported they had read the education
material within the mobile app. Of these, 123 users (77.8%)
indicated that the educational material had encouraged them to
perform the AI-guided therapeutic exercise program. The mean
time spent on reading the educational materials was 15 (SD 14)
minutes a day.
Numerical Pain Rating Scale
An overall reduction in the Numerical Pain Rating Scale score
was reported from users after using the AI-embedded mobile
app for therapeutic exercises. The median Numerical Pain Rating
Scale scores were 6 (interquartile range [IQR] 5-8) before and
4 (IQR 3-6) after using the AI-embedded mobile app (95% CI
1.18-1.81). A Wilcoxon rank sum test indicated the reduction
in Numerical Pain Rating Scale score was statistically significant
(P=.04).
The greatest reduction in Numerical Pain Rating Scale scores
was reported from users who used the AI-embedded mobile app
for 6 months. Figure 4 shows the changes in self-reported
Numerical Pain Rating Scale scores reported by users with
different tenures of using the AI-embedded mobile app.
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Figure 3. Bar graph to illustrate the self-reported time spent on therapeutic exercises before and when using the AI-embedded mobile app.
Figure 4. The reported difference in Numerical Pain Rating Scale changes reported by participants of different tenures.
Self-Perceived Improvement
The mean self-perceived improvement from all users was 65%.
Users who utilized the AI-embedded mobile app for 1 day, 1
week, and 1 month reported improvements of 60.2% (SD
27.9%), 49.5% (SD 29.2%), and 47.2% (SD 26.4%),
respectively. For users who used the app for over 3 and 6
months, improvements were reported to be 58.6% (SD 30.4%)
and 71.1% (SD 25.8%), respectively.
Usage of Other Interventions
A total of 11 respondents (7.0%) indicated that they had not
received prior intervention from the listed modalities and 38
respondents (24.1%) indicated they did not receive any other
intervention while using the AI-embedded mobile app. A
reduction in responses was observed in all the listed
interventions when using the AI-embedded mobile app. Figure
5 shows the number of responses of who had used other
interventions prior to and when using the AI-embedded mobile
app.
System Usability Scale
The median of the SUS from all responses was 73 (IQR 60-85),
which would suggest an acceptable level of usability (score
>68). All users, except for those who used the AI-embedded
mobile app for a day (median 65, IQR 53-80), reported
acceptable usability (score >68).
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Figure 5. Bar graph to illustrate the number of responses of other interventions used prior to and when using the AI-embedded mobile app.
Discussion
Principal Findings
The main findings of this preliminary evaluation study were (1)
users reported having spent more time on therapeutic exercises
when using the AI-embedded mobile app, (2) an overall
reduction in pain level was reported after using the AI-embedded
mobile app, and (3) the usage of other interventions was reported
to have been reduced with the use of the AI-embedded mobile
app. This is among the first studies that investigated the
feasibility and benefits of an AI-embedded mobile app for the
management of chronic neck and low back pain.
Adherence to Therapeutic Exercise
Exercise therapy had been recommended as a core component
in the management of chronic neck and back pain by several
guidelines and reviews [27-29]. It was an unexpected finding
that 38% of the users indicated that they had never participated
in therapeutic exercises before. It was possible that some of the
users might live in a remote part of China where rehabilitation
service was not widely available. The use of the AI-embedded
mobile app may therefore play a role in increasing access to
exercise therapy intervention, as supported by the reported
increase in time engaged in therapeutic exercises. Adherence
to a therapeutic exercise program in the management of chronic
neck and low back pain has been a long-standing issue. Early
literature showed that between 50% [30] and 70% [31] of people
with chronic low back pain were nonadherent to a home exercise
program. The use of technologies has been suggested to be a
way to increase adherence to a home exercise program [32].
Previous studies that investigated the effectiveness of using
mobile phone text message reminders indicated continued
adherence to exercises in adults with recurrent low back pain
[7]. The AI-embedded mobile app also had a reminder function
that reminded users to perform daily exercise. A survey
conducted in 2016 on the Chinese population with chronic low
back pain (N=113) reported that self-management behaviors
were poor [15] and contributing factors included lack of disease
knowledge and lack of understanding of the benefit of exercise.
The educational material may therefore play a role in promoting
regular therapeutic exercise because it provides information on
these areas. The majority of users indicated the material
motivated them to do therapeutic exercise. The increase in
self-reported time spent on exercises observed in this study may
suggest its potential to be a useful tool for patient adherence to
therapeutic exercise programs, which may contribute to
improving clinical outcomes.
Pain Level
A pain level reduction of 2 points (on a 0-10 Numerical Pain
Rating Scale) is considered to be “much improved” [33] and a
“meaningful” change [34] in people with chronic pain. The
reduction in pain score was consistent with the finding of the
Cochrane Review that indicated exercise, including motor
control, flexibility, and strengthening exercises, may improve
pain severity for people with chronic pain [35].
The difference in self-reported pain ratings was also consistent
with a study that investigated the benefit of the combination of
manual therapy and exercise therapy alone [36]. In this study,
Alfuth and Welsink [36] investigated the pain level in people
with chronic low back pain who attended physiotherapy practice
for interventions. Interventions included a combination of
manual therapy, stabilization exercises, and electrotherapy. A
total of 85 participants received a mean number of treatment
sessions of 42.6 (SD 2.3) within a year. A reduction of 3 points
and 4 points on the Numerical Pain Rating Scale was observed
after 3 and 6 months of treatment, respectively, when compared
to baseline. Compared to the 2- and 3-point difference reported
by users who used the AI-embedded mobile app for 3 and 6
months in this study, it would appear that using the
AI-embedded mobile app to manage low back pain is feasible.
An earlier study by Cambron et al [37] investigated the effect
of a 4-week course of an active trunk extension exercise program
at 3 months and 6 months postintervention. They reported a
mean pain score reduction of 1.36 and 1.19 at 3 and 6 months
postintervention, respectively. The difference in pain score
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reduction may be related to the type of exercises that participants
were asked to do. The AI-embedded mobile app selected from
a range of progressive exercises, whereas participants in the
Cambron et al study [37] were only asked to do trunk extension
exercises.
Users’ self-ratings of improvement of interventions is one of
the core domains to be used in assessing impact of an
intervention on chronic pain [38]. The self-rating of symptom
improvement observed in this study corresponded to the
reduction in pain score. The greatest symptom improvement
was reported from users who had used the program for 6 months,
followed by 3 months. A study published in 2010 reviewed 15
randomized controlled trials that were published between 2001
and 2007 [39]. The study summarized literature that reported
long-term outcome data of physiotherapy exercise programs
for adults with chronic low back pain. Trials were reviewed if
they reported any outcome related to chronic low back pain
measured at a follow-up period. Of the included trials, 13
reported follow-up data of up to 12 months and two trials
reported follow-up data of up to 2 years. The results indicated
consistent evidence for the effectiveness of an exercise program
in pain reduction at the 6 months follow-up period when
compared to a control group. Our study also observed the
greatest self-reported pain score reduction and self-perceived
improvement from users who used the AI-embedded mobile
app for 6 months.
When compared to the only other trialed mobile app (FitBack)
[40] that focused specifically on spinal pain management [10],
the AI-embedded mobile app used in our study appeared to be
at least as effective in reducing pain level. FitBack users reported
a reduction in pain score from 2.86 at baseline to 2.64 and 2.16
at follow-up at 2 and 4 months, respectively. A Cochrane
Review [35] and the NICE guideline [21] indicated that exercise
programs should be tailored according to individual needs and
capabilities. Therefore, the higher reduction of pain scores
observed in this study may be related to the tailoring of the
exercise content based on the presenting symptoms. But the
higher magnitude of pain score reduction observed in our study
should be interpreted with caution. The two studies have
different designs, which may contribute to the differences in
reported pain levels. It is typical for single-group data to show
greater effects than randomized controlled trial data. The pain
score data from our study may also contain recall bias [39],
which further complicates the comparison.
Needs for Other Interventions
The results of our study indicate that using the app for the
self-management of chronic neck and back pain might reduce
the need for other interventions. The reported reduction in usage
of other interventions was supported by an earlier study by
Sculco et al [41]. Their study investigated the effect of 10 weeks
of a prescribed home-based exercise program in people with
chronic low back pain compared to a control group. The results
suggested that participants in the exercise group had significantly
lower numbers of physiotherapy referrals and medication use
during the 2.5-year follow-up period. The reported reduction
of other intervention usage suggests that the AI-embedded
mobile app may at least reduce the ambulatory time to medical
appointments, thus reducing the indirect health care costs that
are associated with seeking intervention. Further study is
recommended to understand its cost benefit within the local
health care system.
Limitations
The results reported here must be viewed cautiously due to the
limitations. This was a single-group study with no control which
relies heavily on self-reported subjective data. This is among
the first AI-embedded mobile apps developed for the
management of low back pain. Thus, the primary goal of this
preliminary study was to evaluate the perceived benefits of such
a system by its users. With regard to the fidelity of the
intervention, it is worth considering that the app was available
for download by members of the general public. Users were not
advised by anyone to download it; they downloaded it on their
own initiative, assuming that they suffered from chronic neck
and back pain and were looking for self-help material on the
Web. Thus, it is reasonable to believe that users had followed
the therapeutic program provided by the AI-embedded mobile
app. This study defined the term “adherence” as the amount of
self-reported time spent on the exercise generated by the
AI-embedded mobile app. Therefore, the interpretation of
adherence within this study cannot be generalized to the
long-term adherence to therapeutic exercise. The “law of
attrition” of eHealth trials [42] did not appear to be applicable
in this study because this study only recorded response rate but
not dropout rate. We could not verify whether participants’
eligibility criteria information were accurate, which may affect
their responses to the intervention. The amount of time
participants viewed the video clips were not verified. However,
the AI-embedded mobile app has a scoring system which the
user had to satisfy by playing the video clip for the exercises.
Further study that combines this with medical verification would
provide greater confidence in the intervention effects. This study
did not evaluate the functional aspect of the intervention. Thus,
it was unclear if the changes in pain score may translate to
improvement in function. We included active users at the time
of the study, which many have affected the response rate. The
study design also had sample selection bias because it relied on
people who responded to the invitation, thus the sample
population would be more likely to participate in the
intervention. This was a retrospective evaluation study, which
was likely to be associated with recall bias of preintervention
symptoms and behaviors. The focus of this preliminary study
was to assess the self-perceived benefits from users.
Self-reported data on health care utilization are commonly used
in health care research [43]. Self-reported data may be associated
with recall bias; however, a study that investigated agreement
between self-reported health care service usage and
administrative records indicated good agreement between the
two [44].
Conclusions
The key findings of this evaluation study support the perceived
beneficiary effects of the AI-embedded mobile app to provide
some personalized interventions that are tailored to individual
needs for the self-management of chronic neck and back pain.
The positive results of this study suggest that using the tool to
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assist the self-management of chronic spinal pain may be
feasible. The tool at least warrants further study to investigate
the benefit of the AI-embedded mobile app and how it may
compare with routine clinical care. Further study is also
recommended to understand if the AI-embedded mobile app
may induce long-term sustainable behavioral change.
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Screenshots of a detailed description of the exercise (left) and of the annotated diagrams to show the targeted muscles (right).
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Multimedia Appendix 2
Screenshots of the daily task list (top) and the exercise log where users could track their progress (bottom).
[PNG File, 103KB - mhealth_v6i11e198_app2.png ]
References
1. Leininger B, McDonough C, Evans R, Tosteson T, Tosteson AN, Bronfort G. Cost-effectiveness of spinal manipulative
therapy, supervised exercise, and home exercise for older adults with chronic neck pain. Spine J 2016 Dec;16(11):1292-1304
[FREE Full text] [doi: 10.1016/j.spinee.2016.06.014] [Medline: 27345747]
2. Murray C, Vos T, Lozano R, Naghavi M, Flaxman A, Michaud C, et al. Disability-adjusted life years (DALYs) for 291
diseases and injuries in 21 regions, 1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet
2012 Dec;380(9859):2197-2223. [doi: 10.1016/S0140-6736(12)61689-4]
3. GBD 2015 DALY and HALE Collaborators. Global, regional, and national disability-adjusted life-years (DALYs) for 315
diseases and injuries and healthy life expectancy (HALE), 1990-2015: a systematic analysis for the Global Burden of
Disease Study 2015. Lancet 2016 Dec 08;388(10053):1603-1658 [FREE Full text] [doi: 10.1016/S0140-6736(16)31460-X]
[Medline: 27733283]
4. Keogh E, Rosser BA, Eccleston C. e-Health and chronic pain management: current status and developments. Pain 2010
Oct;151(1):18-21. [doi: 10.1016/j.pain.2010.07.014] [Medline: 20674174]
5. Rosser BA, Eccleston C. Smartphone applications for pain management. J Telemed Telecare 2011;17(6):308-312. [doi:
10.1258/jtt.2011.101102] [Medline: 21844177]
6. Amorim A, Pappas E, Simic M, Ferreira M, Tiedemann A, Jennings M, et al. Integrating Mobile health and Physical Activity
to reduce the burden of Chronic low back pain Trial (IMPACT): a pilot trial protocol. BMC Musculoskelet Disord 2016
Jan 19;17(1):a. [doi: 10.1186/s12891-015-0852-3]
7. Lilje S, Olander E, Berglund J, Skillgate E, Anderberg P. Experiences of older adults with mobile phone text messaging
as reminders of home exercises after specialized manual therapy for recurrent low back pain: a qualitative study. JMIR
Mhealth Uhealth 2017 Mar 30;5(3):e39 [FREE Full text] [doi: 10.2196/mhealth.7184] [Medline: 28360026]
8. Wallace LS, Dhingra LK. A systematic review of smartphone applications for chronic pain available for download in the
United States. J Opioid Manag 2014;10(1):63-68. [doi: 10.5055/jom.2014.0193] [Medline: 24604571]
9. Miceli L, Bednarova R, Scarbolo M, Marzi R, Storelli E, Colonna U, et al. Development of an app helpful to manage
patients with low back pain. Pain Pract 2014 Sep;14(7):e165-e166. [doi: 10.1111/papr.12235] [Medline: 25124448]
10. Irvine AB, Russell H, Manocchia M, Mino DE, Cox Glassen T, Morgan R, et al. Mobile-Web app to self-manage low back
pain: randomized controlled trial. J Med Internet Res 2015 Jan 02;17(1):e1 [FREE Full text] [doi: 10.2196/jmir.3130]
[Medline: 25565416]
11. Chou R, Qaseem A, Snow V, Casey D, Cross JT, Shekelle P, Clinical Efficacy Assessment Subcommittee of the American
College of Physicians, American College of Physicians, American Pain Society Low Back Pain Guidelines Panel. Diagnosis
and treatment of low back pain: a joint clinical practice guideline from the American College of Physicians and the American
Pain Society. Ann Intern Med 2007 Oct 02;147(7):478-491. [Medline: 17909209]
12. Blödt S, Pach D, Roll S, Witt CM. Effectiveness of app-based relaxation for patients with chronic low back pain (Relaxback)
and chronic neck pain (Relaxneck): study protocol for two randomized pragmatic trials. Trials 2014 Dec 15;15:490 [FREE
Full text] [doi: 10.1186/1745-6215-15-490] [Medline: 25511185]
JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 11 | e198 | p.10http://mhealth.jmir.org/2018/11/e198/
(page number not for citation purposes)
Lo et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
13. Machado G, Pinheiro MB, Lee H, Ahmed OH, Hendrick P, Williams C, et al. Smartphone apps for the self-management
of low back pain: a systematic review. Best Pract Res Clin Rheumatol 2016 Dec;30(6):1098-1109. [doi:
10.1016/j.berh.2017.04.002] [Medline: 29103552]
14. World Health Organization. World Report on Disability. Malta: World Health Organization; 2011.
15. Xiang M, Zhang M, Zhang L. Relationship between self-management behaviors and disease knowledge in patients with
chronic low back pain. J Nurs (China) 2016;23(15):42-45 [FREE Full text]
16. Sabate E. Adherence to Long-Term Therapies: Evidence for Action. Geneva: World Health Organization; 2003. URL:
http://www.who.int/chp/knowledge/publications/adherence_report/en/ [accessed 2018-11-12] [WebCite Cache ID 73sN3jDzw]
17. Donkin L, Christensen H, Naismith SL, Neal B, Hickie IB, Glozier N. A systematic review of the impact of adherence on
the effectiveness of e-therapies. J Med Internet Res 2011 Aug 05;13(3):e52 [FREE Full text] [doi: 10.2196/jmir.1772]
[Medline: 21821503]
18. Beinart N, Goodchild CE, Weinman JA, Ayis S, Godfrey EL. Individual and intervention-related factors associated with
adherence to home exercise in chronic low back pain: a systematic review. Spine J 2013 Dec;13(12):1940-1950. [doi:
10.1016/j.spinee.2013.08.027] [Medline: 24169445]
19. Yuen HK, Wang E, Holthaus K, Vogtle LK, Sword D, Breland HL, et al. Self-reported versus objectively assessed exercise
adherence. Am J Occup Ther 2013;67(4):484-489 [FREE Full text] [doi: 10.5014/ajot.2013.007575] [Medline: 23791324]
20. Bangor A, Kortum P, Miller J. An empirical evaluation of the System Usability Scale. Int J Hum-Comput Int 2008 Jul
30;24(6):574-594. [doi: 10.1080/10447310802205776]
21. National Institute for Health and Care Excellence. Low Back Pain and Sciatica in Over 16s: Assessment and Management.
NICE Guideline. London: National Institute for Health and Care Excellence; 2016 Nov 30. URL: https://www.nice.org.uk/
guidance/ng59/resources/low-back-pain-and-sciatica-in-over-16s-assessment-and-management-pdf-1837521693637
[accessed 2018-11-10] [WebCite Cache ID 73pzpVYKl]
22. Saragiotto B, Maher CG, Yamato TP, Costa LO, Menezes Costa LC, Ostelo RW, et al. Motor control exercise for chronic
non-specific low-back pain. Cochrane Database Syst Rev 2016 Jan 08(1):CD012004. [doi: 10.1002/14651858.CD012004]
[Medline: 26742533]
23. Steimann F. On the use and usefulness of fuzzy sets in medical AI. Artif Intell Med 2001;21(1-3):131-137. [Medline:
11154877]
24. Ramesh AN, Kambhampati C, Monson JR, Drew PJ. Artificial intelligence in medicine. Ann R Coll Surg Engl 2004
Sep;86(5):334-338 [FREE Full text] [doi: 10.1308/147870804290] [Medline: 15333167]
25. Rumelhart DE, Hinton GE, Williams RJ. Learning representations by back-propagating errors. Nature 1986 Oct
9;323(6088):533-536. [doi: 10.1038/323533a0]
26. Przybylski A, Rigby CS, Ryan RM. A motivational model of video game engagement. Rev Gen Psychol 2010;14(2):154-166.
[doi: 10.1037/a0019440]
27. Wise J. NICE recommends exercise and not acupuncture for low back pain. BMJ 2016 Mar 28;352:i1765. [doi:
10.1136/bmj.i1765] [Medline: 27025659]
28. Gross A, Paquin J, Dupont G, Blanchette S, Lalonde P, Cristie T, et al. Exercises for mechanical neck disorders: a Cochrane
review update. Manual Ther 2016 Aug;24:25-45. [doi: 10.1016/j.math.2016.04.005]
29. Smith B, Littlewood C, May S. An update of stabilisation exercises for low back pain: a systematic review with meta-analysis.
BMC Musculoskelet Disord 2014 Dec 09;15:416 [FREE Full text] [doi: 10.1186/1471-2474-15-416] [Medline: 25488399]
30. Friedrich M, Gittler G, Halberstadt Y, Cermak T, Heiller I. Combined exercise and motivation program: effect on the
compliance and level of disability of patients with chronic low back pain: a randomized controlled trial. Arch Phys Med
Rehabil 1998 May;79(5):475-487. [Medline: 9596385]
31. Reilly K, Lovejoy B, Williams R, Roth H. Differences between a supervised and independent strength and conditioning
program with chronic low back syndromes. J Occup Med 1989 Jun;31(6):547-550. [Medline: 2525182]
32. Cunningham C, Malone S. Use of a smartphone app to improve adherence among low back pain group: a pilot RCT.
Musculoskelet Sci Pr 2017 Apr;28:e18. [doi: 10.1016/j.math.2016.10.046]
33. Farrar JT, Young JP, LaMoreaux L, Werth JL, Poole RM. Clinical importance of changes in chronic pain intensity measured
on an 11-point numerical pain rating scale. Pain 2001 Nov;94(2):149-158. [Medline: 11690728]
34. Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically important changes in chronic musculoskeletal
pain intensity measured on a numerical rating scale. Eur J Pain 2004 Aug;8(4):283-291. [doi: 10.1016/j.ejpain.2003.09.004]
[Medline: 15207508]
35. Geneen LJ, Moore RA, Clarke C, Martin D, Colvin LA, Smith BH. Physical activity and exercise for chronic pain in adults:
an overview of Cochrane Reviews. Cochrane Database Syst Rev 2017 Dec 24;4:CD011279 [FREE Full text] [doi:
10.1002/14651858.CD011279.pub3] [Medline: 28436583]
36. Alfuth M, Welsink DW. Pain and functional outcomes after outpatient physiotherapy in patients with low back pain.
Orthopäde 2017 Feb 15;46(6):522-529. [doi: 10.1007/s00132-017-3390-x]
37. Cambron JA, Gudavalli MR, Hedeker D, McGregor M, Jedlicka J, Keenum M, et al. One-year follow-up of a randomized
clinical trial comparing flexion distraction with an exercise program for chronic low-back pain. J Altern Complement Med
2006 Sep;12(7):659-668. [doi: 10.1089/acm.2006.12.659] [Medline: 16970536]
JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 11 | e198 | p.11http://mhealth.jmir.org/2018/11/e198/
(page number not for citation purposes)
Lo et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
38. Turk DC, Dworkin RH, Allen RR, Bellamy N, Brandenburg N, Carr DB, et al. Core outcome domains for chronic pain
clinical trials: IMMPACT recommendations. Pain 2003 Dec;106(3):337-345. [Medline: 14659516]
39. Smith C, Grimmer-Somers K. The treatment effect of exercise programmes for chronic low back pain. J Eval Clin Pract
2010 Jun;16(3):484-491. [doi: 10.1111/j.1365-2753.2009.01174.x] [Medline: 20438611]
40. Marceglia S, Conti C. A technology ecosystem for chronic pain: promises, challenges, and future research. Mhealth 2017;3:6
[FREE Full text] [doi: 10.21037/mhealth.2017.02.03] [Medline: 28300227]
41. Sculco AD, Paup DC, Fernhall B, Sculco MJ. Effects of aerobic exercise on low back pain patients in treatment. Spine J
2001;1(2):95-101. [Medline: 14588388]
42. Eysenbach G. The law of attrition. J Med Internet Res 2005 Mar 31;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11]
[Medline: 15829473]
43. Bhandari A, Wagner T. Self-reported utilization of health care services: improving measurement and accuracy. Med Care
Res Rev 2006 Apr;63(2):217-235. [doi: 10.1177/1077558705285298] [Medline: 16595412]
44. Carroll M, Sutherland G, Kemp-Casey A, Kinner SA. Agreement between self-reported healthcare service use and
administrative records in a longitudinal study of adults recently released from prison. Health Justice 2016 Dec;4:11 [FREE




ICT: information and communication technology
IQR: interquartile range
MLP-ANN: multilayered perceptron artificial neural network
NICE: National Institute of Clinical Excellence
NPRS: Numerical Pain Rating Scale
SUS: System Usability Scale
Edited by G Eysenbach; submitted 20.06.17; peer-reviewed by A Amorim, A Birney, M Luca, K Bosak, R Robinson; comments to
author 12.07.17; revised version received 14.11.17; accepted 15.02.18; published 26.11.18
Please cite as:
Lo WLA, Lei D, Li L, Huang DF, Tong KF
The Perceived Benefits of an Artificial Intelligence–Embedded Mobile App Implementing Evidence-Based Guidelines for the
Self-Management of Chronic Neck and Back Pain: Observational Study




©Wai Leung Ambrose Lo, Di Lei, Le Li, Dong Feng Huang, Kin-Fai Tong. Originally published in JMIR Mhealth and Uhealth
(http://mhealth.jmir.org), 26.11.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR mhealth and uhealth, is properly cited. The complete bibliographic
information, a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must
be included.
JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 11 | e198 | p.12http://mhealth.jmir.org/2018/11/e198/
(page number not for citation purposes)
Lo et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
